Introduction
The preparation of materials with multiple targeted properties is an important goal in Chemistry, and it poses questions as if synergy between the properties is possible, or if it can be controlled. Our work has always been focused on the study of magnetic properties of coordination complexes. In this area, of particular interest is the synthesis of multifunctional complexes that combine optical and magnetic properties in the same material. The control of the interaction between light and matter is relevant for many fields of technological interest like sensors, [1] bioimaging, [2] photovoltaics [3] for solar energy conversion, light emitting diodes, etc. Many of the materials used are either organic molecules with conjugated groups like the Y123 dye used for dye sensitized solar cells [4] or bulk inorganic materials like the TiO2 used as anode for solar cells. The development of molecular materials, with all the advantages they have with respect to inorganic bulk materials is an ever growing hot-topic: molecular materials can be prepared at room temperature in solution and are soluble in common organic solvents. [5] In particular we are interested in coordination complexes, where the properties are a combination of the properties of the metal (catalysis, magnetism, emission properties,...) and the properties of the ligand (fluorescence, surface grafting ability,...). In coordination complexes properties can be tuned by designed functionalization of the ligands, during the synthesis step. One example is the synthesis of coordination complexes with thiol substituted ligands for grafting on gold electrodes and surfaces. [6] , [7] This brings us to a key point for the development of single-molecular devices or devices using molecular species: scientists need to be able to design multifunctional molecules that can be grafted on surfaces in a controlled and ordered manner [6, 8, 9] in order to prepare devices and finally allow addressing single molecules. [6] , [10] , [11] The combination of a fluorescent ligand with a transition metal gives rise to a photosensitive response that is affected by coordination, and thus excellent chemosensors have been reported exploiting particular effects such as metal coordination induced excimer, or metal coordination induced emission shift. With respect to the intensity of the emission, the coordination of transition metals to a fluorescent group gives rise to two general optical effects: transition metals with unpaired electrons usually provoke a quenching of the fluorescence (chelation enhancement of quenching, CHEQ effect) while metals without unpaired electrons like Zn(II) provoke an enhancement of the fluorescent signal (chelation enhancement of fluorescence, CHEF effect). The combination of magnetic properties with fluorescence is not straight forward, due to the CHEQ effect. However some have succeeded in the preparation of coordination complexes with specially designed ligands that combine fluorescence ligands and SMM properties, [12] [13] [14] and fluorescence and ferromagnetism. [15] In this respect, ligand design is very important in order to obtain multifunctional, optical and magnetic complexes, as the emission properties of the ligand can be easily quenched by metal coordination. The optical properties can also be envisioned as a switch for the magnetic properties, and this field poses many challenges but also promises many technological applications. Matsuda and coworkers, among others have succeeded in using nitronylnitroxide radicals combined with a central diarylethene photochromic unit to exploit magnetic and optical properties in the same species without transition metals. They showed how the photoswitching of the diradical interaction can be controlled by a photochromic ring opening/closing reaction. [16] The diarylethene basic unit can also be exploited as ligand to transition and lanthanide metals. Yamashita and co-workers have exploited the photochromic open/close reaction of a functionalized dithienyl-ethene compound as ligand for Dy(III) to affect the quantum tunnelling properties of the compound [17] and to link Mn4 SMMs into 1D chains. [18] We chose the strongly luminescent group acridine yellow, and its analogue diaminoacridine as the central part of the bidentate ligands ACRI-1, ACRI-2 and ACRI-3, shown in Scheme 1. The ligands are the Schiff base obtained form condensation of the diamine central fluorescent moiety with an aldehyde. The relative disposition of the two binding pockets should result in ferromagnetic coupling between two metals coordinated to one ligand. [19] , [20] We have shown how the ACRI-1 Co(II) complex [Co2(ACRI-1)2] 1Co was a robust fluorescent ferromagnet that could be deposited intact on HOPG. [15] For the surface deposition, the ligand was designed with aromatic rings that would help pi-pi stacking and Van der Waals interactions with the graphite surface. The ACRI-x ligands have anthracene-like cores, selected due to their optical properties. The anthracene derivatives and other polyaromatic units have been shown to display pairwise packing emission with lifetimes that become longer proportional to the degree of overlapping of two facing anthracene π-planes, [21] as well as providing access to nonlinear-optics (NLO) systems when combined with diarylenes. [22] In this paper we report new Cu(II) complex of ACRI-1 and Cu(II) and Co(II) ACRI-2 and ACRI-3 complexes. All the paramagnetic species display weak to ferromagnetic coupling when changing the metal from Cu(II) to Co(II). All the paramagnetic complexes show fluorescent emission red shifted from the free ligand.
Results and Discussion
Following our report of the Schiff base ligand ACRI-1 we report here the synthesis of the analogous new fluorescent ligands ACRI-2 and ACRI-3 shown in Scheme 1. ACRI-2 is the Schiff base obtained by the condensation reaction between diaminoacridine hydrochloride and two equivalents of salicylaldehyde. ACRI-3 differs with ACRI-1 in the naphtyl-OH groups instead of the phenol groups and for its synthesis 2-hydroxy-naphtaldehyde is used instead of salicylaldehyde. The ligands were obtained in good yield and characterized by IR, MS and proton NMR. As we reported in 2014, the reaction of the ligand ACRI-1 with a cobalt(II) salt resulted in a precipitate which was recrystallized and characterized as [Co2(ACRI-1)2] (1Co). [15] In complex 1Co the two cobalt ions are tetracoordinated in a distorted tetrahedral environment. Following the same synthetic procedure we report here the preparation of the new fluorescent
The reaction of the metal salt with the ligand in the presence of base results in a precipitate. The yield of precipitate is very good in all cases and IR comparison of the precipitates with the crystalline products obtained after recrystallization show without ambiguities that they are the same material. The reactions with ACRI-2 were performed in MeCN following the synthesis of complex 1Co. However, ACRI-3 contains naphtyl groups and it is markedly less soluble than ACRI-1 and ACRI-2, so reactions in MeCN lead to poor yields due to undisolved ligand. The ligand is more soluble in dmf and reactions in this solvent lead to acceptable yields. We have not been able to obtain crystal suitable for single-crystal X-ray diffraction for the Co(II) complexes of ACRI-2 (complex 2Co) and ACRI-3 (complex 3Co), however these species can be characterized by paramagnetic proton NMR and compared to the spectrum of complex 1Co. Following the typical pattern observed for Co(II) complexes the proton NMR spectra of complexes 2Co and complex 3Co show chemical shifts between 70 and -50 ppm. The observed paramagnetic shifts are in agreement with the values reported in the literature for other Co(II) complexes. [23] The proton NMR of complex 2Co is analogous to the reported for complex 1Co confirming that the reaction of hydrated Co(NO3)2 with ACRI-2 produces [Co2(ACRI-2)2] (2Co). The proton NMR for complex 3Co is what one would expect if the phenyl group is replaced by a naphtyl group which confirms the formation of [Co2(ACRI-3)2(H2O)4], (3Co). A broad peak overlaps with the methyl signal (protons assigned number 3 in the Figure 1 ) and this could be due to water coordinated to the cobalt, which also appears in the elemental analysis of dried samples of complex 3Co. The proton NMR of the Cu(II) complexes 1Cu, 2Cu and 3Cu show very broad signals due to the fast relaxation at room temperature of protons of an organic ligand bound to Cu(II) with S = 1/2. The proton NMR does not provide useful structural information. Fortunately we were able to obtain suitable crystals for single-crystal X-Ray diffraction of these species.
Description of crystal structures
Crystallographic and data collection information for complexes 1Cu, 2Cu and 3Cu can be found in Table 1 . The crystal structure of complex 1Cu was collected at two different temperatures (100 K and 296 K) and the two structures showed the same asymmetric units and CHCl3 solvent molecules. The dinuclear complex is practically isostructural for the three species, the main differences being related to the distortion from ideal geometry of the coordination environment of the metal. Figure 2 shows the dinuclear unit in 1Cu, 2Cu and 3Cu. For complex 2Cu, the asymmetric unit contains two independent half dinuclear units, as was the case for complex 1Co. For 1Cu and 3Cu the asymmetric unit contains only 1/2 dinuclear unit with solvent molecules. First let's describe the dinuclear unit [M2(ACRI-X)2] common to the three complexes. Complex 1Cu contains ACRI-1, complex 2Cu contains ACRI-2, which has protons instead of the methyl groups of ACRI-1 and complex 3Cu contains ACRI-3, with naphtol units instead of phenol. Each metal ion is tetracoordinated to two nitrogen and two oxygen donors, from two iminophenolic/iminonaphtolic binding pockets from two ACRI-X ligands. The two ligands bridge the metals and display intra-molecular p-p stacking between the acridine cores with distances around 3.4 Å. A close examination of the structural parameters (see Table 2 ) clearly shows that the tetracoordinated metal centre is distorted from the ideal tetrahedral or square planar coordination. The Co(II) complex 1Co is the closer to an ideal tetrahedral coordination environment while the Cu(II) complexes are closer to distorted square-planar coordination, which results in 'flatter' molecules. Even though the dinuclear unit is quite similar, the supramolecular organization of the [M2(ACRI-X)2] units is very different. The crystal packing of complex 1Cu·8CHCl3 is shown in Figure 3 , the crystal structure was collected at 296 K and at 100 K and the packing and crystallographic parameters are the same for both temperatures. In complex 1Cu·8CHCl3 the dinuclear units form a supramolecular structure of empty hexagonal channels along the a axis of the unit cell by p-p stacking of the phenolic aromatic groups, with phenyl-phenyl distances of 3.6 Å. These channels are partially filled with eight chloroform molecules per complex and leave clear pores along the crystal of 0.5 nm of diameter. The chloroform molecules are localized and held in place by Cl3C-H···N interactions at 3.3 Å and Cl···H-C interaction at distances between 3.8 and 4.2 Å with aromatic C-H bonds from the phenolic [24] and central acridine groups. Upon exposure to heat or vacuum most of the chloroform molecules are lost and the supramolecular structure collapses, as shown by elemental analyses and the powder Xray diffraction data (see Supplementary Information, Figure S3 ). The chloroform-1Cu interaction is not selective. Recrystallization of complex 1Cu from 1:10 mixtures of CHCl3:CH2Cl2 and CHCl3:dmf resulted in 1Cu·4CH2Cl2 and 1Cu·4dmf (see supplementary information Table S1 and Figures S2 and S3) , the crystal structures are not porous. Crystals of 1Cu·4CH2Cl2 and 1Cu·4dmf were exposed to vapours of chloroform in order to see if the solvent was replaced by chloroform since solvent replacement in single-crystal to single-crystal transformations are known but uncommon. [25] However, in this case the single crystals were destroyed and the chloroform did not replace CH2Cl2 or dmf in the structure. From the data in Table 2 and the packing of complexes 1Cu·8CHCl3, 2Cu·5CHCl3 and complex 1Co in CHCl3 [15] one can conclude that the packing is dictated by the coordination sphere of the metal but this is not the only factor. With distorted square planar Cu(II) a porous structure is formed with the ligand ACRI-1 in 1Cu·8CHCl3, however, when the methyls are removed in 2Cu·5CHCl3, or the phenyl group is replaced by a naphtyl like in 3Cu·4dmf the Cu(II) complex is not as flat as complex 1Cu (clearly seen in Figure 2 ) and it crystallizes in a compact structure similar to that reported for complex 1Co. 
Magnetic properties
The dc magnetic susceptibility of complex 1Co showed that it is a ferromagnet with TC = 5 K, as reported in 2014. [15] We studied the dc magnetic susceptibility of complexes 1Cu, 2Co, 2Cu, 3Co and 3Cu in the 2-300 K temperature range and at applied dc fields of 300 Oe and 5000 Oe. The data are shown in Figure  4 and Figure 5 as cT vs. T plots. The magnetic behaviour of complex 2Co is analogous to the reported for 1Co. For complex 2Co, the cT product at 300 K is in agreement with two Co(II) ions in tetrahedral environment (S = 3/2 and g = 2.0). As temperature decreases the cT product is nearly constant until a sharp increase is observed at 50 K. At this temperature the two fields diverge. Below 10 K the cT product drops dramatically due to magnetic anisotropy. The ac magnetic susceptibility data show the appearance of a frequency independent peak at 5 K and the ZFC/FC data, shown in Figure S4 , show a divergence at 5 K. Unfortunately, crystals of complexes 2Co and 3Co have not been obtained. With the information of the proton NMR can assume a similar solid state structure as that of 1Co, with similar intermolecular interactions to rationalize the ordering observed in the ac data. The magnetic data for complex 3Co shows a cT product value at 300 K that is more in agreement with two hexacoordinated Co(II) ions with spin-orbit coupling than the expected for two tetrahedral Co(II). As T decreases the cT product decreases, as is typical for Co(II) with strong spin-orbit coupling. According to the magnetic data the Co(II) ions in 3Co are hexacoordinated. This is in agreement with the elemental analyses performed on oven-dried samples, which show the presence of coordinated water. For complexes 1Cu, 2Cu and 3Cu the cT product at 300 K is in agreement with two isolated Cu(II) ions with S = 1/2 and g = 2.0. As temperature decreases the cT product is nearly constant until a very small increase takes place at very low temperatures, in agreement with two Cu(II) ions with very weak ferromagnetic coupling. The magnetic data for the Cu(II) complexes can be modelled with the software PHI. [26] PHI is a computer package that uses the phenomenological Hamiltonian " = " ( ) + " ( ) − 2 9: ∑ = " • ? " . This system is solved by evaluating the matrix elements of the Hamiltonian over the basis states and diagonalizing the Hamiltonian matrix. Two simulations using only the exchange and Zeeman Hamiltonians for a ferromagnetically coupled dimer of S = 1/2 are shown in simulation with J = 0.8 cm -1 fits better the experimental data for complex 3Cu. The two metals are circa 1.2 nm apart in these dinuclear complexes. Still, magnetic coupling (even though very weak for Cu(II)) is observed. A spin polarization mechanism as that observed in the proton NMR of complexes 2Co and 3Co explains the stabilization of the high spin states for the Co(II) and Cu(II) complexes. The magnetization vs. field data collected at 2 K are shown in Figure  6 . As expected due to the very small exchange constant calculated by DFT for 1Co and using PHI software for 1Cu, 2Cu and 3Cu the excited states lie close in energy to the ground state and this is reflected in the magnetization vs. field curves, even at 2 K, due to Boltzman population of the excited states. The crystal field Hamiltonian was used along with a giant spin model for S = 1 to simulate the magnetization data. The crystal field parameters were A B A = |0.7| and |0.5| cm -1 for the two simulations. This calculation does not take into account the exchange between the two Cu(II) ions. There is no evidence of long-range order for the Cu(II) complexes 1Cu, 2Cu and 3Cu down to 2 K. 
Fluorescent properties
All emission spectra were collected in chloroform solutions of the ligand or complexes. Figures 7-9 show the emission spectra of the new ligands ACRI-2, ACRI-3 and the Co and Cu complexes. The electronic and emission spectra of the new ligand ACRI-2 are very similar to those previously reported for ACRI-1. [15, 27] The electronic and emission spectra of ACRI-3 show the additional band from the naphtyl groups. In particular, this is seen as two maxima in the emission spectra. The wavelengths of 350 nm and 320 nm were chosen to irradiate the samples and study the emission spectra, as they are assigned to ligand-centred absorption processes. When a 10 -6 M solution of ACRI-2 is irradiated at wavelengths between 350 and 400 nm an emission band at 550 nm is observed, shown in Figure 8 . At lower concentrations this band shifts to 490 nm. Intermolecular interactions in concentrated solutions facilitate relaxation pathways of lower energy, probably via excimer formation. However, even at such low concentrations as 10 -9 M it is impossible to observe the fluorescence of the purely isolated acridine core of the ligand ACRI-2, which should appear around 450 nm and show vibronic fine structure, as observed for ACRI-1 [15] and usual for anthracene derivatives. [28] Irradiation of 10 -6 M samples of complexes 1Cu, 2Co and 2Cu in CHCl3 at 350 nm results in fluorescent emission bands from the ligand around 550 nm, as shown in Figures 7 and 8 . The emission spectra of complex 2Cu [Cu2(ACRI-2)2] was scaled by a factor of 2 in order to observe the band clearly, since at similar concentration the emission band was less intense than for the other complexes. This effect has previously been seen with curcuminoid-copper complexes, where a spin-driven quenching mechanism is invoked. [29] Coordination of the paramagnetic metals Co(II) and Cu(II) does not result in a complete quench of the fluorescence of the ligand. All the complexes present emission bands shifted to lower energies from the free ligand, this is easily explained by the intramolecular p-p stacking interaction between the acridine cores (see N-N distance in Table 2 ), observed clearly in the solid state crystal structure, which is retained in solution if the molecule does not dissociate. This intramolecular interaction has a similar effect to excimer formation, providing additional pathways for relaxation at lower energies.
Emission spectra for ACRI-3 were collected on 10 -6 to 10 -9 M solutions of the ligand in CH2Cl2. The sample was irradiated at a wavelength of 320 nm. The spectrum is shown in Figure 9 . Clearly two emission bands are observed, at 530 and 580 nm. The highest energy band is assigned to the naphtyl groups while the 580 nm band is assigned to the acridinefluorofore. When the ligand ACRI-3 is coordinated to Co(II) or Cu(II) a quenching of the fluorescence is observed. The emission spectra of complexes 3Co and 3Cu are shown in Figure 9 . Solution of the complexes at 10 -6 M were prepared in CH2Cl2 and irradiated at 320 nm. As we observed for the ACRI-1 and ACRI-2 complexes, the quenching of the fluorescent emission is more pronounced for the Cu(II) complex. In both spectra one can observe the two emission bands, assigned to the naphtyl and acridine fluorofores. 1Cu·8CHCl3 retains CHCl3 in the channels at room temperature and these chloroform molecules are lost in a non-reversible process upon exposure to heat or vacuum. The reported complexes are exciting new examples of fluorescent magnetic materials, where the two properties co-exist and can be triggered separately. For further studies on the control of the magnetic properties of a nanoscale magnetic system using light, [30] the complexes reported here can be deposited on carbon based materials like graphene and carbon nanotubes, as we previously have done for complex 1Co. The optical properties of the ligand are retained in the coordination complex. This opens up exciting possibilities in which one can envision using the emission of the acridine-based ligands for switching on/off magnetic exchange or even quantum tunnelling and slow relaxation.
Conclusions

Experimental Section
All chemicals were purchased from commercial sources and used as received. The ligand ACRI-1 was prepared following the reported procedure. [15] C27H19N3O2·HCl (ACRI-2). To a mixture of 3,6-diaminoacridine hydrochloride (C13H12N3Cl) (2 g, 8.14 mmol) and triethylamine (5.7 mL, 40.70 mmol) in ethanol (100 mL) was added salicyladehyde (1.7 mL, 16.28mmol). The resulting solution was stirred and heated up to 79 ºC. Reflux was maintained during eight hours. After standing overnight, a precipitate is filtered, washed with ethanol and dried with diethyl ether. The yield of the reaction is 89% (3.29 g obtained) . The ligand was characterized by 1 
Experimental techniques
Single crystal diffraction data for all the compounds were collected on a Bruker APEXII SMART diffractometer at the Facultat de Química, Universitat de Barcelona, using a 30 microfocus Molybdenum kα radiation source. The structures were solved by direct methods (SHELXS97) and refined on F2 (SHELX-97). Cif files can be obtained free of charge form the Cambridge Crystallographic Data Centre (CCDC https://summary.ccdc.cam.ac.uk/structure-summary-form, deposit codes: 1Cu·8CHCl3: 1416991, 1416992; 1Cu·4CH2Cl2: 1416994; 1Cu·4dmf: 14169995; 2Cu·5CHCl3: 1416994; 3Cu·dmf: 1474844). Hydrogen atoms were included on calculated positions, riding on their carrier atoms. InfraRed spectra were performed on a Thermo scientific AVATAR 330 FT-IR; Fluorescence measures were taken in a NanoLogTM-Horiba JobinYvon iHR320 spectrophotometer; UV-Vis spectra were acquired in a Cary 100 Scan from Varian. Elemental analyses were carried out at the CCiT-UB and CSIC. Magnetic measurements on crushed polycrystalline, vacuum dried samples (SQUID magnetometer equipped with a 5T magnet, diamagnetic correction applied using Pascal's constants) were done at the Servei de Mesures Magnètiques of CCiT-UB. 1 H-NMR (Varian Unity 300 MHz on manual mode) were performed at the NMR service of CCiT-UB.
